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DESCRIPTION OF THE INVENTION 


Field of the Invention 


[001] This invention relates to a disconnect device. 

[002] Disconnect devices are used in oil and gas drilling and other well 
servicing operations. Typically a disconnect device is used to connect a downhole 
tool to the remainder of a tubing string that may incorporate other components 
secured on the end of a length of coil tubing ("CT"). The purpose of the disconnect 
device is to provide a connection that remains robust at all times until it is required 
intentionally to disconnect the tool from the remainder of the tubing string. This may 
be when it is needed to cause retraction of the tubing string and CT above a stuck 
tool in a wellbore. 

[003] The advantages and applications of CT (as a means of conveying 
tooling to downhole locations; of providing actuating motions; and of circulating well 
fluids) are widely reported in the gas and oil field service arts, and for the most part 
will not be described in detail herein. 

[004] Nonetheless, one particular characteristic of CT is that it is hollow, 
thereby permitting the pumping of well fluids (eg. mud. and any of a range of 
chemical compositions) within a well to tooling supported at or near the downhole 
end of the tubing string. 

[005] It is also possible using CT to pump objects, such as actuator subs 
and so-called drop balls that are used to activate tools and other apparatus 
supported on the CT at a downhole location. 
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[006] Tools can become stuck for example because of squeezing (ie. 
protrusion of extrudable strata, under pressure, from a surrounding formation into 
the wellbore); because of deviation of the wellbore; or simply because of partial 
collapse of the wellbore. 

[007] Under such circumstances the CT sometimes is not sufficiently robust 
to permit successful recovery of the stuck tool. Therefore it is necessary to withdraw 
the tubing string and CT, and deploy in the well a fishing tool that can latch onto the 
free end of the stuck tool, or a so-called "jar'* that is capable of applying impulses to 
the stuck tool to free it. 

[008] These apparatus are typically conveyed to the downhole location on 
slickline. 

Description of the Prior Art 

[009] GB-A-2 303 657 discloses a disconnect device that is suitable for use 
with CT. 

[01 0] The device of GB-A-2 303 657 includes a male member (herein 
"mandrel") that is received within a hollow female member in order to define two 
connector parts. The male member is retained within the female member by an 
elastically expandable ring that is captive within the female member. 

[01 1] The ring includes on an inner surface thereof a series of radially 
inwardly facing ridges that engage grooves on the exterior surface of the mandrel. 
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[012] In the locked condition of the apparatus of GB-A-2 303 657, a safety 
sleeve encircles the elastically expandable ring, thereby retaining it in locking 
engagement over the end of the mandrel. 

[013] The safety sleeve is retained in its position encircling the expandable 
ring by one or more shear pins having a known shear threshold. 

[014] The safety sleeve is connected to a seat for a drop ball. 

[01 5] Operation of the disconnect of GB-A-2 303 657 occurs when a drop 
ball is pumped down the CT to engage the aforementioned seat. This blocks the 
flow of fluid through the disconnect device, with the result that the pumping pressure 
is applied (via the drop ball and seat) to the shear pins. These shear to permit 
movement of the safety sleeve. This then moves downwardly under the influence of 
the pumped fluid. 

[016] Such motion of the safety sleeve brings it out of engagement with the 
elastically expandable ring, which is then free to expand. Then it is possible to 
withdraw the mandrel upwardly from the end of the open, upper female member, 
leaving the female member and the attached, stuck tool in position for retrieval by a 
fishing tool or freeing by a jar. 

[017] The apparatus of GB-A-2 303 657 suffers numerous disadvantages. 

[018] An important component of the elastically expandable ring is a so- 
called "resilient ring". This is probably a rubberized or othenA/ise elastomeric 
component. 

[019] The presence of an elastomeric component renders the disconnect of 
GB-A-2 303 657 unsuited for use in conjunction with aggressive chemicals (such as 
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acids) that are commonly pumped into oil and gas wells to alter the chemistry of the 
well fluid and/or surrounding formation. 

[020] Also the elastomeric component may be prone to failure over time. 

[021] Moreover the elastically expandable ring and safety sleeve occupy a 
substantial proportion of the cross-sectional area of the central bore of the 
disconnect device. Consequently these components reduce the maximum flow rate 
of fluid through the disconnect device. 

Objects of the Invention 

[022] It is therefore an object of the invention to provide a reliable, high- 
strength disconnect device having components that are less susceptible to 
deterioration and/or chemical attack than that of GB-A-2 303 657. 

[023] It is a further object to provide a disconnect device having operative 
components that have a minimal affect on the dimensions of the central bore of the 
device. 

SUMMARY OF THE INVENTION 

[024] In accordance with the invention, the disconnect device includes a 
mandrel having formed on an outer surface thereof at least one locking formation. 

[025] A hollow, female member is provided in which the mandrel is 
releasably securable. The female member includes at least one lug that is moveably 
retained relative to an inner surface thereof by a retainer member engaged with at 
least one retainer formation in the lug. 


5 


FINNECAN 
HENDERSON 
FARABOW 
GARRETT & 
DUNNERLLP 

1 300 I Street, NW 
Washington, DC 20005 
202.408.4000 
Fax 202.408.4400 
www.finn^an.com 


New U.S. Patent Application 
Attorney Docket No. 07051 .0034 


[026] The lug further includes one or more locking formations that are 
engageable with a corresponding locking formation on the outer surface of the 
mandrel to lock the mandrel in the female member when the lug is in a first position 
relative to the inner surface, and that releases the mandrel from the female member 
when in a second position relative to the inner surface. A second locking member is 
provided that is moveable into and out of engagement with the retainer formation of 
each lug to selectively lock the lug in the first position and release it therefrom to 
permit its movement to the second position. 

[027] The disconnect device may provide that the lug is at least partly 
received in an aperture in the female member, with a part of the lug protruding into 
an interior of the female member to permit engagement of the retainer formation 
thereof with said retainer member. 

[028] The retainer formation of the lug may include two parallel retainer 
grooves formed on opposite sides thereof. The retainer member may include a 
bifurcated lamina defining juxtaposed edges that are respectively received in the 
retainer grooves to retain the lug to prevent movement thereof relative to the inner 
surface of the female member. 

[029] A plurality of lugs may be arranged in a circular series about the inner 
surface of the female member, with the retainer member being generally cylindrical 
to permit engagement thereof with the retainer formation of each lug. 

[030] Each lug may be at least partly received in an ovaloid aperture in the 
female member with each lug being of complimentary shape to the aperture with 
which the lug is associated in at least a portion thereof in which the lug is received. 
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[031] The retainer formation of the lug may include two parallel retainer 
grooves formed on opposite sides thereof. The locking member may include a 
bifricated lamina defining juxtaposed edges that are respectively received in the 
retainer groove to retain each lug in its first position in which the locking formation 
thereof lockingly engage the locking formations of the mandrel. 

[032] A plurality of lugs may be arranged in a circular series about the inner 
surface of the female member, wherein the locking member is generally cylindrical to 
permit engagement thereof with the retainer formation of each of the lugs. 

[033] A shear pin may be provided for retaining the locking member in 
engagement with the locking formation of each lug until acted upon by a force 
sufficient to shear the shear pin. 

[034] The mandrel of the disconnect device may be hollow. 

[035] A moveable actuator member may extend from one end of the mandrel 
to protrude beyond another end thereof, with movement of the actuator member in at 
least a first direction causing movement of the locking member out of engagement 
with the retainer formation. 

[036] A moveable actuator member may extend from one end of the mandrel 
to protrude beyond another end thereof, with movement of the actuator member in at 
least a first direction causing movement of the locking member out of engagement 
with the retainer formation. The actuator member may include a seat for seating 
thereon of a release member, such seating causing movement of the actuator 
member. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[037] Figure 1 is a partly transversely sectioned view of a disconnect device 
according to the invention, with its moveable parts occupying locked positions; 

[038] Figures 2A-2C are perspective views of lugs forming part of the Figure 
1 device; 

[039] Figures 3A-3D are perspective, partly sectioned views showing steps 
in the releasing of the device of the invention, from the condition shown in Figure 1; 

[040] Figure 4 shows in perspective view a cylindrical retainer member that 
forms part of the device of the invention; 

[041] Figure 5 shows in perspective view a locking member assembly that 
also forms part of the device; and 

[042] Figure 6 shows in a partly cut-away view how the components of 
Figures 4 and 5 coact with further parts of the device. 

DESCRIPTION OF THE EMBODIMENTS 

[043] Referring to the drawings a disconnect device 10 comprises a mandrel 
(male member) 1 1 and a hollow, cylindrical female member 12. that are nomnally 
lockingly secured together, with the male member received within the hollow interior 
of the female member. 

[044] Mandrel 1 1 includes threadedly secured at its free end remote from 
member 12 a conventional adapter 13 for attaching mandrel 1 1 to the downhole end 
of a tubing string that is not shown in the drawings. 
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[045] Mandrel 1 1 is hollow and has formed therein a through-going bore 11a, 
whereby adapter 13 is threadedly received in the open, uphole end lib of the 
mandrel 11. 

[046] Female member 12 is similarly hollow and includes a further, through- 
going bore. 

[047] The downhole end 12a of female member 12 includes threadedly 
received therein a connector 14 by means of which downhole tools and other 
equipment (omitted from the drawings for clarity) are attachable to the female 
member. 

[048] Uphole end 1 1 b of mandrel 1 1 is cylindrical. Downhole of cylindrical 
portion 1 1 b mandrel 1 1 includes a tapered section 11c. 

[049] Cylindrical section 1 1 b is of the same diameter as the cylindrical body 
16 of female member 12, whereby tapered portion 11c defines a mandrel portion 
that is receivable within the female member 12. 

[050] Adjacent its downhole end. the tapered portion 1 1c has formed on its 
outer surface a series of annular grooves 17 and ridges 20 whose purpose is 
described in more detail herein below. 

[051] The cylindrical body 16 of female member 12 is perforated at a series 
of locations 18 defining an annular pattern. 

[052] In the preferred embodiment shown, there are three ovaloid 
perforations 18 spaced apart from another at 120° intervals about the cylindrical 
body 16. 
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[053] In other embodiments of the invention, different numbers and/or 
patterns of the perforations are possible. Also it is possible to vary the shapes of the 
perforations. Nonetheless the ovaloid perforations are particularly effective, for 
reasons given hereinabove. 

[054] Each perforation 18 has moveably retained therein, by means 
described below, a respective lug 19. 

[055] At best shown in Figures 2A-2C, which illustrate the lugs 19 before 
assembly into the device 10, each lug 19 includes an ovaloid portion 21 that on 
assembly of the disconnect device 10 is radially outermost and is received as a 
snug, sliding fit in a said perforation 18. 

[056] Disposed radially inwardly of ovaloid portion 21 is a continuous web 22 
rigidly connecting the ovaloid portion to an essentially laminar, curved locking portion 
23. 

[057] Each locking portion 23 includes formed on its radially innermost face 
a series of ridges 24 and grooves 26 of complementary profile, number and 
dimensions to the ridges 20 and grooves 17 defined in the outer surface of tapered 
portion 1 1 c of mandrel 1 1 . 

[058] In use the locking formations defined by the ridges 24 and grooves 26 
of the locking portions are engageable with the corresponding locking formations 
defined by the grooves 17 and ridges 20 in the mandrel. 

[059] This efl'ect arises when the lugs adopt the first, locking position shown 
in Figures 1 and 3A. 
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[060] On operation of the device 1 0 to cause disconnection of the male and 
female parts from one another the lugs move to a second, unlocking position as 
shown in Figures 3C and 3D and described in more detail below, in which the 
respective ridges and grooves 17, 20, 24 and 26 are no longer lockingly engaged 
with one another. 

[061] Each lug is retained moveably captive in its associated perforation 18 
by way of a retainer member 27. Figure 4 shows the retainer member 27 partly cut 
away, and isolated from the other components of device 10. In practice member 27 
would define a complete, hollow cylinder. 

[062] The thickness of the cylindrical wall of retainer member 27 is less than 
the depth of the groove 52 defined on each side of each lug, beneath the ovaloid 
portion 21 , by the web 22. 

[063] At one end retainer member 27 is bifurcated at three locations to 
define an annular series of slots 28 extending from the open end of the cylinder 
towards the center thereof . (In Figure 4 one of the slots is incomplete by reason of 
the sectional view shown. In practice all the slots would be complete.) 

[064] The slots 28 correspond in width and angular spacing to the 
dimensions and locations of the webs 22 of the lugs 19, when the latter are received 
in the perforations 18. 

[065] Consequently when the retainer member 27 is located as shown in 
Figures 1 to 3, engagement of the slots 28 to either side of the webs 22 causes 
retention of the lugs 19 in the perforations 18. 
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[066] Since the wall thickness of retainer member 27 is less than the depth 
of each groove 52, the lugs 19 are held loosely captive by the retainer member 27. 
In other words, the action of retainer member 27 alone is to permit limited movement 
of the lugs radially inwardly and outwardly relative to the cylindrical wall of female 
member 12. 

[067] The end 27a of retainer member 27 remote from the lugs 1 9 engages 
a collar 29 whose functions are described in more detail herein below. 

[068] Collar 29 is fixed to the cylindrical wail of female member 1 2, by 
reason of being reacted by tool connector 14. Consequently retainer member 27 Is 
retained in a constant axial location in the female member, regardless of the 
locked/unlocked status of the disconnect device 10. 

[069] Collar 29 includes a central, through bore in which is slidingly located a 
hollow, cylindrical shank 31 forming part of a locking member 32. Shank 31 is 
secured to collar 32 by means of one or more shear pins 51 , or (in the preferred 
embodiment) shear screws protruding through apertures 33 extending radially 
through collar 29 as shown. Shank 32 includes an annular series of recesses 53 
(Figure 5) formed in its outer surface, for receiving the ends of the shear screws. 

[070] In practice in the preferred embodiment collar 29 is perforated at a 
series of locations about its periphery, whereby the user of the disconnect may 
select the number of shear screws inserted. This in turn allows adjustment of the 
shear threshold of the device. 

[071] As shown in Figure 5, uphole of shank 31 locking member 32 enlarges 
to define at its free, uphole end a hollow, open-ended cylindrical portion 34. 


12 


FINNEGAN 
HENDERSON 
FARABOW 
GARRETT& 
DUNNERkLf 

1 300 I Street, NW 
Washington, DC 20005 
202.408.4000 
Fax 202.408.4400 
www.finnegan.com 


New U.S. Patent Application 
Attorney Docket No. 07051.0034 


Cylindrical portion 34 is threadedly received on shank 31 and retained in position by 
locking screws (not shown in the drawings) passing through one or more threaded, 
radial bores 54. A shoulder 56 limits the extent to which portion 34 is screwed onto 
shank 31. 

[072] The diameter of cylindrical portion 34 is such that it is a sliding fit within 
the hollow interior of retainer member 27. 

[073] Cylindrical portion 34 includes formed therein a series of slots 36 of 
essentially the same dimensions and angular spacings as the slots 28 formed in the 
end of retainer member 27. Consequently the slots 36 are engageable in the 
grooves 52 formed in the lugs 19, in the same manner as the slots 28. 

[074] When so engaged, the combined wall thickness of the retainer 
member 27 and the cylindrical portion 34 of locking member 32 is substantially the 
same as the depth of each groove 52. Consequently the lugs 19 are urged inwardly 
relative to the walls of female member 12. such that the grooves and ridges 17, 20 
lockingly engage the grooves and ridges 24, 26. 

[075] Such inward urging of the lugs 1 9 is however limited by reason of the 
ovaloid portions 21 and the locking portions 23 of the lugs 19 being wider than the 
webs 22 when measured in the circumferential direction of the female member 12. 

[076] This arrangement of the retainer member 27, locking member 32 and 
the lugs 19 is shown in Figure 6, from which the other parts of device 10 have been 
omitted for clarity. 
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[077] The locking member 32 is nomially retained in the position, shown in 
Figures 1 and 3A, with its slots 36 engaging the grooves 52. by reason of the shear 
pins or screws 51. 

[078] When thus configured, the disconnect device rigidly locks the male and 
female components together. 

[079] The mandrel 1 1 includes an actuator 41 received within its hollow 
interior. 

[080] Actuator 41 includes a hollow, cylindrical shank 42 at its downhole end. 

[081] At its uphole end the diameter of actuator 41 enlarges to define a 
hollow seating cup 43 that is a snug, sliding fit within the interior of mandrel 1 1 . 

[082] Shank 42 extends downwardly and, in the assembled condition of the 
disconnect device terminates in contact with a spigot 44 protruding upwardly within 
locking member 32 that is a continuation of shank 31 . 

[083] Shank 42, spigot 44 and shank 31 define between them a conduit 
extending along the length of the disconnect device 10. Thus fluid flow along the 
interior of the device 10 is possible. 

[084] Actuator 41 is moveable longitudinally within mandrel 1 1 . The limits of 
movement of the mandrel are defined respectively by the adapter 13 at the upper 
end of the device 10, and an internal shoulder 46 at the downhole end. 

[085] At their engaging surfaces 37 and 38 (the former of which is defined 
part-way along the mandrel 1 1 , at the location where the cylindrical portion 1 la 
merges into the tapered portion lib) the mandrel 1 1 and the female member 12 
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respectively are formed with inter-engageable castellations 39 that prevent rotation 
of the male and female components relative to one another. 

[086] In use of the disconnect device, the components are assembled as 
shown in Figures 1 and 3A. Thus the mandrel 11 and the female member 12 are 
firmly locked together. The disconnect device is then added at a desired location in 
a tubing string. 

[087] Before such incorporation of the device 10 into a tubing string, or at 
least prior to deployment of the device 10 to a downhole location, an operator can 
readily check that the device 10 is in its locked configuration. 

[088] This can be by visual inspection of the lugs 19 via the perforations 18: 
if the lugs 19 are held recessed relative to the outer surface of cylindrical body 16 
the device 10 is in its locked configuration. If on the other hand the lugs 19 are 
loose and/or flush with the outer surface, the device is not correctly set to its locked 
(pre-use) condition. 

[089] The user can, alternatively or additionally to the visual inspection, 
assess the locking state of device 10 by feeling with his hand the positions of the 
lugs 19. This facility may be beneficial when the device is obscured from view, such 
as by reason of being immersed in an opaque liquid. 

[090] The visual and physical checks described above can all be effected 
without separating the male and female parts of device 10 from one another. 

[091] During normal working of the well, drilling and/or other fluid is 
circulated via the tubing string, including the path defined by the shank 42, spigot 44 
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and shank 31 . At such times, the mandrel 1 1 and female member 12 are firmly, 
anti-rotatively locked together by reason of the above described components. 

[092] The unlocking sequence of the device 10 is now described with 
reference to Figures 3A-3D. 

[093] When it is necessary to cause disconnection of the device 1 0, a drop 
ball 47 is pumped down the coil tubing to enter the disconnect device 10 via the 
open end of the adapter 13. 

[094] The drop ball seats in an internal seat 48 in seating cup 43 of actuator 
41 (Figure 3B). 

[095] This blocks the flow of fluid through the disconnect device so that the 
full pumping pressure in the CT acts via the drop ball 47 and seating cup 43 on 
shank 42. 

[096] Since the downhole end of shank 42 is in contact with spigot 44, the 
aforesaid pressure acts downwardly on the locking member 32, against the resistive 
force provided by the shear screws 51 . 

[097] Assuming the shear threshold of the screws 51 has been correctly 
chosen and/or the number of screws correctly selected, this pressure will be 
sufficient to shear the shear screws (Figure 3B). 

[098] Consequently the actuator 41 moves downwardly in the male member, 
driving the locking member 32 downwardly as well (Figure 3B). 

[099] This causes the slots 36 to move out of engagement with the grooves 
52 defined in the lugs 19. Consequently the lugs 19 become free to move to a 
limited extent radially outwardly, the extent of movement of the lugs being 
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deternilned by the relative thickness of the grooves 52 and the wall of retainer 
member 27 in the vicinity of slots 28 (Figure 3C). This in turn releases the groove 
and ridge combinations 17, 20, 24, 26 from engagement with one another, whereby 
it is possible to withdraw the mandrel from the female member typically by coiling the 
CT onto its drum at a surface location (Figure 3D). 

[0100] Following such an operation the female member 12 and any tooling 
secured thereto at a downhole location remains In the well. 

[0101] The female member includes formed therein a conventional internal 
fishing neck 49 that is engageable as desired by a fishing tool for the purpose of 
retrieving stuck tooling following disconnection of the device 10. 
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